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(54) RADIO RECEPTION APPARATUS. AND RADIO RECEPTION METHOD 



(57)- !n maximum/delay lime setting section -106, a 
delay time width-W used for cancelling the interference 
is set using the delay profile. In the present embodiment, 
delayspread is calculated and a delay wave included InH- 
the delay spread is set as W. First, the delay spreads 
calculated in delay spread calculating section 1061 of 
maximum delay time setting section'106>That is to say »■ 
the standard deviation of the delay profile is calculated. 
The calculated delay, spread is outputted to*maximum 
• ■ . .. ? ■ 



•delay-time determining section 1062/The maximum de : 
lay ilme^(window'widlh)•W r is determined^' maximum 
delay.time determining section 1 062-based bnttie delay 
spread ."Therefore; the. delay 'wave' included iri the max- 
imum delay time which is determined by such a way is 
--set to be an object of interference cancellation in joint 
detection ■' Tn us-,- besides' interference cancellation- per- 
formance, optimization* of -calculation <; scale * can : be 
planned* without losing performance of RAKE combine 
ing. 
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Description 

Technical Field 

[0001] The present invention relates to a radio receiv- 5 
ing apparatus and radio receiving method employed in 
a digital radio communication .system.. 

Background Art 

w 

[0002] In digital radio communication system, CDMA 
(Code Division Multiple Access) as a multiple access 
method takes benefits of the orthogonality between 
spreading codes/ resulting in rid interference due to 
cross correlatiombetween spreading codes, thus, a plu- '5 
rality of spreading codes can be multiplexed and trans- 
mitted. ' ! 
[0003] However f *because : trt'ere is* a multipath'inYeal 
propagation environments, the orthogonality' between 
spreading codes ismb Ibnger'hold'aridan interference 20 
is generated when mu|tiplexing(code multiplexing) and 
transmitting a plurality* of spreading codes. In CDMA, 
RAKEcornbiriih^ advantages 
were shown when using RAKE-'combining in which a 
plurality of paths are combined in multipath propagation 
environments encountered a large interference deterio- 
ration. 

[0004] Several methods to canceUmultipath interfer- 
ence have been proposed: As one of those methods, 
the method pf.Karimi ("EFFICIENT MULTI-RATE MUL- 30 
TI-USER . D ETECiTi I O N; < FO R Ttf E ASYNCHRONOUS 
WCDMA UPLINK".,.^. Karimi, VTC'99,pp: 593-597; 
Joint ^Detection :;JD).. Such- a joint detect ion method will 
be explained using. FIG. 1 . 

[0005]^ .A . radio, : signal is,: received in radio receiving 35 
sectipn.52 .via antenna 51 .inradio receivihgsection 52, 
predetermined radio reception* processing (such as, 
down ; conversion, A/D conyersion*, etc.-) are.per1omied' 
on the received signal, and the signal being subjected 
to radio- reception processin g is outputted toRAKE com- *o 
bining section 53 and correlation processing section 54. 
[0006J In correlatlon.processing.section 54, a correla- . 
tion processing between a known signal (midamble) and * 
the signal being subjected to radio reception processing 
is carried out. The signal after correlation processing <s 
(correlation result) is outputted to delay profile generat- 
ing section 55. A delay profile isgenerated.in delay pro- 
file generating section 55 based on the correlation re- 
sult. This delay profile is outputted to RAKE combining 
section 53. 50 
[0007] In RAKE combining section 53, RAKE combin- 
ing is carried out based on the delay profile,. and . the ? re- 
sult of RAKE combining is outputted to JD 'sectlorv56. 
Joint detection processing-is' performed on trie signal 
being subjected to RAKE.cpmbining.m JD section 56 in S5 
accordance with maximum, delay, time. Receiving sig- 
nals of all codes are outputted' after the joint detection 
processing. 



[00OB] In such a joint detection processing, a matrix 
A Is generated' by calculating the convolution between 
the delay profile and spreading codes, then, the cross 
correlation AfA; of the matrix A is calculated, finally, from 
the expression (A H A x = b), in which the cross correla- 
tion A H A is multiplied by the transmission symbol x and 
b is obtained after RAKE combining multiplication result, 
the interference caused .due tqccross correlation be- 
tween spreading codes is cancelled and keeping only 
transmission symbol x.given in the above expression, 
then the receiving signals of all codes are outputted. 
[0009] The amount of calculations to generate the 
matrix A In the joint detection processing is given by 
(NQ+W-1) x (KN) assuming that N is the number of 
transmission symbols, Q is the spreading sequence, W 
is the delay time window (expressed in CDMA chip time 
unit), ancl K is the number of the transmitting multicode. 
Moreover, the amount of calculating : the\cross correla- 
tion A H A becomes KN X KN which' is "extremely large 
amount. In this case, the influence of th e delay time win- 
do w W is extremely large. t ■ 11 
[0010] In conventiohaf radio reception method, the 
delay time window W is set to indude.the delay signal 
of maximum delay time 5 . In other words; as' can be ex- 
plained using FIG. 4, the delay time window W is set to 
include all the 3 paths in whrchic^l 2 which has the great- 
est delay time is Included. Such a window is similar to 
the w"iriBbw i used i ih v RAKE''c6mbinfng. **' 
[001rl.] On the other hand, the advantages of using 
RAKE-combining are difficult to be achieved if the win- 
dow.width YV of both RAKE* combining and joint detec- 
tion is.simply.set to smalbvalue.so that. only one of the 
multipath may 'be -.included, in-order to- decrease the 
amountof calculation. 

Disclosure. of Invention 

,[0012] . It is an object- ofjhe -present, invention to pro- 
vide radio receiving apparatus and radio receiving meth- 
od which are able not only to prevent deterioration of the 
RAKE combining performance, but also able to optimize 
the performance of interference cancellation and the 
calculation scale. 

[0jX13] v The.inventors reach ,the ( present- invention by 
focusing their attention on the existence of a plurality of 
delay.waves that have small delay from the precedence 
signal.and the existence of few delay waves which are 
largely.'separated'from the precedence signal in radio 
communication; under multipath environment, and re- 
ducing the calculation amount by cancelling peripheral 
multjpath interferences of the precedence wave so that 
a sufficient performance is obtained. 
[001 4] In'iother.words, such an object can be achieved 
by setting a delay time, which is shorter than the delay 
time used in RAKE combining, in a delay profile gener- 
ated based on the known signal included in the receiving 
signal, within the range of this delay time, interference 
cancellation processing is performed on the signal after 
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being RAKE combined so that the receiving signals of 
all codes are oulputted, and carrying out-a sufficient can- 
cellation of the interference caused due to cross corre- 
lation between spreading codes while keeping the 
RAKE combining.performance and«reducing the opera- -s 
tion scaled interference cancellation and amount of cal- 
culation. 

Brief. Description, of Drawings 

10 

[0015] 

FIG. 1 is a block diagram showing a configuration 
of ^conventionaKradio receiving apparatus; 
FjG.,2js a-block diagram showing a configuration 15 
of a radio>receiving=apparatus according to Embod- 
iment 1- of the present invention; 
FIG; 3 is : a*block diagram. showings configuration 
.of a maximum delay lime setting section Included 
in radio receiving apparatus according to Embodi- 20 
.ment : 1 of the present invention; . . 
FIG. 4 is. an illustration graph to explain maximum 
delay time; 

FIG. 5 is an 'illustration graph toexplain the setting 
of maximum delay time; 25 
J3IG. 6Js-a.graph'.showing the results of a. radio re- 
ceiving apparatus according to Embodiment 1 of 
the present invention; and 
.FIG. '7.js ; a, block diagram showing a configuration 
of amaxjmum delay, time setting section included in 20 
radio b receiving apparatus according to Embodi- 
ment 2»pf the present invention. 
■» * , • .# i ... 

Best Mode. for Carrying out the Invention 

[001 S]\ Hereafter,- embodiments of the . present inven- 
tion-will be specifically described with*reference to, the 
accompanying drawings.- 

(Embodiment 1) 40 

[0017] In the present embodiment, maximum- delay 
time setting using. delay spread- of receiving- signal to- 
gethenwith.the.casewhen obtaining receiving signal af- 
ter performing interference cancellation- using^such a- 4s 
maxrmumi.delay time will be explained. 
[0018^ il£IG,*.2is:a block diagram showing a configu- 
ration of a radio ; receiving apparatus according to Em- 
bodiment 1 of the present invention, and FIG. 3 is a block 
diagram showing a configuration of. a maximum delay so 
lime.setting<section included in radio receiving appara- 
tus according.to Embodiment 1 of the present invention. 
[0019]- ^A-.radiorsignal .is received in .radio receiving 
section 1,02rvia- antenna -101. In radiorreceiving section 
102, v predetermined« radio reception; processing (such: ss 
as, down conversion, A/D conversion, etc.) are per- 
formed ontthe received signal, and the signalbeingsub- 
jected to radio reception processing is outputted to 



RAKE combining section 1 03 and correlation process- 
ing section 104. 

[0020] In correlation processing section 104, a corre- 
lation processing between a known signal (midamble) 
and the signal being subjected to radio reception 
processing- is carried out. fine signal after correlation 
processing (correlation result) is.outputted to delay pro- 
file generating section 105. A delay profile is generated 
in delay profile generating section 105'based on' the cor- 
relation result: This delay profile is outputted to RAKE 
combiningsecn'on 103 andmaximum delay time setting 
section 106. 

[0021] Based on the delay profile, the range of a delay 
wave used for cancelling the-interference is determined 
and. the maximum delay time.is set in maxim unr delay 
time setting section 106. This; maximum delaytime is 
outputted to JD section 107. 

[0022] Maximum delay time. setting section -106, as 
shown in. FIG. 3;. comprises delay spread calculating 
section 1061 to obtain'delay'spread from the delay pro- 
file and maximum.delay time-determining section^ 062 
to determine the maximum delay time from the delay 
spread. • ; . 

[0023] In tRAKE combiningsectioh- 1 03, RAKE com- 
bining is carriediout based.on the delay -profile, and the 
RAKE combining results outputted to JD section 107. 
According to the maximum' delay time, Joint detection 
processing is. performed on the signal being subjected 
to RAKE combining in JD section 1 07,-Receiving signals 
•of a/f codes are oulputted after- this joint detection 
processing. ■ ■ 

[0024J Operation of.-the radio receiving • apparatus 
comprising;the.aforementioned configuration : will be ex- 
plained, below. 

[0025] A radio signal of a systemin which interference 
cancellation is carried out by joint detection is compbsed- 
of a known signal (midamble) used for estimating the' 
delay profile«and. data signals '» 
[0026] As thus described'above/after the radio signal 
which composed of midamble. and data was converted- 
into aibaseband' signal, 'it « is -subjected to correlation 
processing in correlation processing section -1 04. In this 
correlationtprocessingjUhe: correlation between the m\ : 
dambl© and the received signal is carried out ' The result 
of the correlation processing is outputted to delay profile 
generating sections 05, and as shown imFIGv 4,'the de- 
lay profile is generated. •.■«■«■ 
[0027]. The delay profile is expressed by the time of 
the channel.estimation value of the power- of a k which 
is given by la^ 2 .. In addition; FIG. 4 ! shows the case of 
3 paths. ThaHs to say, in the delay profile shown in FIG: 
4, the path of-time t 0 is shown by the channel estimation 
value of the power of oto which: is given by l« 0 |2, the path 
of time t 1 is shown iby. the channel' estimation vatue' of 
the power of a{rwhich:is.given:by la^?, and the path-of 
the time t 2 is showmby-the.chanhel estimation value of 
the power of.a 2 . which* is given'.by lcx 2 /^Moreover, the 
value W in-FIG; 4 shows the window width including the 
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delay wave of which the delay time serves as the max- 
imum, and which is used as window width in RAKE com- 
bining. 

[0028] In BAKE combining section 103, a despread- 
ing .processing is performed on the signal after being 5 
subjected to radio reception . processing using.the same 
spreading code as the spreading code used by the 
transmission side apparatus, andithe signal.after such 
despreading processing (despreading signal), and the 
delay profile are-employed to carry-out RAKE combin- 10 
ing.This RAKE combining. is^carried out when all multi- 
paths are Included in the time period (window width) W. 
The result obtained by the-RAKE combining is.the.rer 
ceiving signal when^ the cross correlation between 
spreading codes is not cancelled: Here, the result of the 15 
RAKE combining,is shown by the vectorb;. 
[0029] In maximum delay time :setting- section 10S,.a 
delay lime width 1 W used foncancelling the interference- 
is set using the delay profile.-! n the present embodiment, 
the delay spread is calculated and -.the -delay time win- • 20 
dow of delay wave included, in the.delay spread isi set 
asW. 

[Q03Q] First, the delay spread Is calculated in delay 
spread calculating sectton.1 061 ormaximumdelay time 
setting section 106. That is-to say, the standard. devia- 25 
tion of the delayprofile Is calculated. The calculated de- 
lay spread .is outputted to maximurrudelay- time deter- 
mining section 10S2..Themaximumdelaytime (window 
width) W- is determined* in maximum .delay time deter- 
mining section .1062'based on the delay spread. 30 
[0031] Thus, since the maximum delay time is;set ac- 
cording to the delay spread, .it is possible to set the maxr 
imunv.deiay time that includes- the delay waves which 
cause interference and are to be cancelled by JD., 
hence, it-becomes ^possible to. reduce the performance 35 
degradation by .making the window width-narrower than 
that of'RAKE combining. 

[0032] Therefore, The delay waves within. the maxi- - 
mum.delay time set as.described: above aresincluded in . 
interference cancellation imJD:. Here, window, width is *o 
the maximum-delay time W which includesjthe'paths of 
delay.time x 0 and^. 

[0033]. The convolution between^the delay: profile and 
spreading. codes as calculated* in JD.section 107so-.as- 
to generate the matrix, A. Assuming that-the. number of 45 
transmission* symbols is-N, spreading sequence is Q, . 
maximum delay time (window width)*.is AW!, and the . 
numbenof transmission muflicode is Ktfhen, the amount 
of calculating the matrix A is given by.'(NQ+ W - 1) x 
(KN) . Therefore, by narrowing* the window width from 50 
W to W* comparingto the conventional one, the amount- 
of calculation becomes less^than that .in conventional 
one. That is to.say.-.conventionally, sincere window - 
width of.JD is'the.domain that includes allpaths, W 2 por-. 
lion (window wldth,that Inctudes-delay waves x 0 , ii . and - 55 
x 2 } is. required, to .perform the calculalionyasshown in 
FIG. 5, on the otherhand, according to the present em- 
bodiment, since-the window-width of JD'iS'Wi (window 



width that includes delay waves x 0 and x,), only W 1 por- 
tion is reserved for calculation. 

[0034] Subsequently,- the. matrix A H A ol the correla- 
tion matrix.A is; calculated in JD section 107. The calcu- 
lation amount of the correlation A H A becomes (KN) x 
(KN) . After, that-, by^solving the formula A H Ax = bfor the 
transmitting symbol x, i.e., by carrying out the multipli- 
cation of the inverse [A H A] * 1 of the matrixA H A by the 
RAKE combining result b, it is possible to demodulate 
a plurality of signals of which the cross correlation of the 
spreading code is cancelled in the path (path of delay 
time t 0 and included In window width W\ Thus, the 
receiving, signals of all'codes can be obtained. 
[0035] The operation which explains precisely the'ef- 
fect of the^radio receiving'apparatus' according to Em- 
bodiment 1 of the present invention willbegiven below. 
[0036] FIG. 6 is a graprvtoexplain the effect of a radio 
receiving apparatus ^according to - Embodiment 1 of the 
present. invention, ln'FIG:«6 } -the mark *'(1) shows the 
case where both window width W- used for RAKEcom- 
bining and window width W used for JD is 57/the mark 
■ (2);shows'the case (present embodiment) where win- 
dow width W used for RAKE combining is 57 while-win- 
dow width W used for RAKE combining is 1 7, and the 
mark A (3) shows the case where both window width W 
used for. RAKE combining* and window width W used 
for JD is. 17, 

[0037] In case (1), because window width is wide, the 
best performance- can be obtained, but the calculation 
scale becomes large as the window-width of JD is wide. 
In case*(2),.since.the window width of both'RAKE-com- 
bining and JD is independently optimized, the same 
RAKE combining performance as that of case (1 ) can 
be kept. In this case;-since the window width of JD is 
narrow, the calculation scale becomes small. In case 
(3), aiming at- decreasing the calculation scale, the win- 
dow, width of -both^RAKE combining and'JD are made 
narrow, thus, sufficient performance (RAKE combining 
gain) cannot be obtained. 

[003B] Moreover, relating to the amount of calculation', 
the calculation amount of 5 slots in case (1 ) becomes 
1 00 %; whereas the calculation amount of 3 slots in case • 
(1) becomes-60 %v Therefore, In a condition to realize 
the RAKE; combining performance similar to* case (1), 
window width «bf both- RAKE combining and JD was* in- 
dependently optimized for each -in case (2), arid the'cal- 
culatiqn 1 amount of 5 slots becomes 46 %' while calcula- ' ' 
tton amount of 3 slots becomes 27 %, hehce,'calculatiori 
amount is considerably reduced. 
[0039] According to the present embodiment, it-is pos- 
sibles consider all of the multi-path's when using all de- 
lay time window width -Win RAKE combining, and thus • 
it is possible.to increase>the signal-to-noise ralio'(S/N). •* 
[0040]? In addition; it-is also possible toreduce'the cal J 
culatlon^amount of Interference cancellation (JD)'-since 
the range':(JD window- width): required for cancelling the 
interferences.is set to W which is smaJler than'W. 
[0041i] That isto say, according to the present embod- 
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iment, a. maximum performance can be obtained since 
all of the multUpaths are-used in RAKE combining; and 
it is not on ly possible.to carry out a sufficient cancellation 
of the interference caused due to cross correlations be- 
tween spreading codes but it is also.possible to reduce 5 
the calculation amount of JO while keeping the perform- 
ance of RAKE combining. because the window width is 
optimally set basedon the^delay spread. 

(Embodiment 2) 10 

[0042] In the present embodiment,^ maximum delay 
time is set by carrying out threshold value decision on 
the correlation .value. resulted from calculating ; the con- 
volution of -the delay profile of spreading codes, and .the. *s 
case when outputting receiving signal after performing 
interference cancellation using such a maximum delay 
time will be explained. 

[0043] FIG. 7 is a block diagram showing a configu- 
ration of maximum delay time setting section included 20 
in radio receiving apparatus according ^Embodiment 
2 of the present invention. 

[0044] In. FIG. 7, maximum delay time setting section 
106 comprises spreading code selecting section 1063 
to select a.set of.spreading codes to.be convoluted with 25 
delay profile, convolution- calculating -section ,1064 to 
calculate cross.cqrrelation from the resuit.of»convolution 
calculation. between-the selected spreadingcodes and 
the delay. prof ile.-.and threshold value deciding-section 
1 065 to carry out threshold value decision as compared 30 
to cross correlation value resulted from convolution op- 
eration. 

[0045] The .operation of. radio* receiving apparatus 
comprising the aforementioned configuration will be ex- 
plained below.. ...... 35 

[0046] Operation _,of the receiving radio signal and 
generating delay:profile is similar to.thatof Embodiment 
1, and hence explanation thereof is omitted. 
[0047] In RAKE combining section. 103, despreading 
processing, is performed on the. signal,after : beings sub- 40 
jected to radio, reception> processing ;using«the same 
spreading code as the spreading code used by trans- 
mission side apparatus, .both signal; .after such de- 
spreading processing: (despreading? stgnal).;and delay 
profileare empipyedto carry out RAKE combining. This 
RAKE combining is carried out using alhmultirpaths 
which are included in the time period (window width) W. 
The result obtained.by RAKE cpmbiningris the.receiving 
signal when.crosscorrelation between-spreading codes 
is not cancelled. Here, the resultpf=RAKE : combiningis so 
shown by the vector b. 

[0048] .Jamaximumidday time setting* sections 06, a 
delay.time widt'h W'rUsedfpr cancelling.the interference 
is set using delay profile. Inthe^resentembodiment, a 
threshold value decisionas compared to.correlation val- ss 
ue result from convolution operation ofspreading.codes 
and delay profile is carried put.jn other. words. maximum 
delay .time.W'js set by ; .carrying:OUt threshold value de- 



cision as compared to cross correlation of spreading 
codes optionally chosen. 

10049] First, in spreading code selecting section 

1063, the set of spreading codes to be used in convo- 
lution-operation is selected, and this set' of spreading 
codes is outputted to convolution calculating section 

1064. Each of spreading codes and- delay profile are 
subjected to convolution operation in convolution calcu- 
lating section 1064. Then, correlation^ calculated from 
the results each spreading code and delay profile are 
convolution-operated. This correlation result is equiva 1 
lent to cross correlation between spreading codes when 
there is. a delay wave. Several window widths W k can 
be manipulated relating lo cross correlation value. ' 
[0050] Convolution calculating section 1064 outputs 
the:obtained cross correlation value to' threshold value 
deciding section 1065. In threshold value'deciding sec- 
tion 1065- cross correlation values of several* window 
width P. (W k ) are compared toa-previously set trt res hold 1 
value P lh . In addition, W which becomes smaller than 
this threshoid:value P th is acquired. . 

[0051] For example, as shown in FIG. 4, when W 0 is 
the window width that the delay wave z n is included in, 
W 1 is the window width-that the delay waves t 0 ' and T i 
are included in, and W 2 (=W) is the window- widtfrthat 
the delay waves t 0 , t, . and x 2 are Included-in, athresh- 
old value decision is performed on cross correlation val^ 
ue in threshold value decidingsection -1 065. 
[0052] Particularly, in case when 

{P(Vy)-P(W 0 )}/P(W)>P lh 

and 

and when-the- window width of the interference cancel- 
lation (JD)i is;.W 0l the difference of* a? real Interference 
amount P (W) and the interference amount P (W 0 ) when 1 
the window widthis W 0 becomes large. Therefore/when ■ 
the .window width is W 0 , the interference cancellation' 
ability is<expectedlOfbe small;. ■ * ■ » 
[0053]- In addition, when the-window width of the in- 
terference cancellation :(JD). is W1 , the difference of'a 
real interference amount P (W) and the interference 
amount P (W^iwhen the window width &\N : \ becomes 
small. Therefore, when the window width isW-,, it is pos^ 
sible to decide thatthere is no difference of the ability 6f- 
interferencecancellationwhemit was carried outHn win- 
dow width^W. However^in such a* case; window width 
W of the interference cancellation (JD) is'iSet to W^- 
[0054] Accordingly; when the difference between reaf 
interference-amount and'interference.amdurit of a-lem^ • 
porarily.set window width is smaller thama determined- 
amount-, due to setting the window width narrower than 
that inRAKEcombiningcase performance deterioratiori- 
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shall be avoided because this temporarily, set window 
width includes the effective delay time. In addition;- the 
threshold.value can be set appropriately to keep theperr 
formance deterioration in the range.that does not affect 
the system by setting.the window width smallerthanthat 5 
in the case of RAKE combining. 
[0055] The delay waves within the window width set 
asdescribediabove are included in interference cancel- 
lation in JD. Mere; window width isthe maximum delay 
time W.which includes the paths ofidelay time t 0 and x 1 . 10 
[0056] The convolution between delay profile and 
spreading codecs calculated'In JD section 107-so as to 
generate. the matrix A. Assuming that >the number of 
transmission-symbols is N, spreading sequencers -Q, 
maximum, delay time (window width), is W\ and =the *5 
number,oMransmission multicode is K - than; the amount 
of calculating the ;matrix A is given .by'fNQ^W- 1 -,1) x. 
•(KN) .Therefore,.by narrowing Jheconventional window 
width.f rpm. W.toW, .theamount.of calculation-becomes 
less ;than. that in conventionatone^ - 20 
[0057] Subsequently,, the ; rnatrix ,A H A,oMhe correla- 
tion matrixAis calculated^n.JDisection.lOZ.Thecalcu- 
lation.ampunt of the correlation-operation A H A becomes 
(KN) x (KN) .After that;,by.solving the expression A H A 
x = bfor-the transmitting-symbol x, i.e.; by carrying out 25 
the multiplication -of the ■ inverse [A H A] " 1 of ■ matrix .A K A 
by RAKEcpmbining : resultb;:itisposslbleto demodulate 
a plurality of signals of which the -cross- correlations of 
spreading codes are cancellediinithepath;(path of delay * 
time t 0 and x t ) included in window width W\ Thus, the 30 
receiving signals of. all codes are obtained. 
[0058] Furthermore, in the present embodiment, it is 
possible to show the same effect as that of Embodiment 
t. That is, maximum performance can be drawn since 
all of the multi-paths are used in RAKE combining, and 35 
relating to JD, it is not only possible to carry put a suffi- 
cient cancellation of the interference due to cross cor- 
relations between spreading codes but it is also possible 
to reduce the calculation . amount of JD while keeping 
the performance ; of RAKE combiningrbeeause the win- *o 
dow.-width«is-qptimally<set based;on*the delayspread. 
[0059] The present invention , is. not limited to >the 
aforementioned embodiments - 1 and ^2, and various 
changes can be made without^ varying from the:scope* 
of the. invention. .For example, in. the 'aforementioned ' 4 ? 
embodiments t and-2, although -the. case .when* the. 
number of,paths is,3 was explained, but the.present-in- 
vention.can also'be applied similarly, when!the«number 
of paths is 2, 4. or more. ■ ^ ■ * 

[0060] The radio receiving apparatus a nd-'radio re- so 
ceiving.method of the present-invention can»be:applied 
to digital radio. communicatibn.system,;particularlytO!ra-. • 
dio base station-apparatusof-'CDMA system- * 
[006|1. Jnahe-radiotreceiving^apparatus and radio re- 
colving mathod of. the, present invention according^the & 
aforementioned description ; the maximum:pertormance 
can be drawn since- all oKthe multi-paths are-used *in 
RAKE combining, :and relating to JD ; :it is.not ohlypos- • 



sible to carry out a sufficient cancellation of the interfer- 
ence due to cross correlations between spreading 
codes but it is also possible to reduce the calculation 
amount of JD while keeping the performance of RAKE 
combining .becausethe window width is optimally set 
based on the delay spread. 

[0062] The present application is based on the Japa- 
nese Patent Application No. 2001-156625 filed on May 
25, 20O1, entire content of which is expressly incorpo- 
rated by reference herein. 

Industrial Applicability 

[0063] The present invention relates to a radio receiv- 
ing apparatus and radio receiving method employed in 
a digital radio communication system. 



Claims 

1 . A radio receiving apparatus' comprising: 

delay profile generating section to generate a 
delay profile using a known signal included in 
areceiving signal-in which one* or more user 
slgnalswere code-multiplexed; 
RAKE combining section to set a first delay time 
.In said delay profile and to carry but RAKE com- 
bining within the range of said first delay time; 
and 

interference cancellation section to set a sec- 
ond delay time which is shorter than said first 
delay time'in-said-delayprofile, to carry out in- 
terference cancellation processing oh the sig- 
nal after being subjected to said RAKE combin- 
ingiwithin the range of said second delay time, 
and to output the 4 receiving signals of all cbdesi 

2. The radio receiving apparatus according to claim 1 , 
wherein-said secorid'delay time is determined by a 
delay spread: obtained from said delay profile. 

3. The radio receiving apparatus according to clairirl , 
wherein -said second j tielay time isset based on the • 
value : of cross correlation of spreading-codes'se-" 
lected voluntarily. ■ 

4. A radio'base station apparatus 'comprising" a radio 
receiving -apparatus, -wherein- said radio receiving 
apparatus comprising: 

delay-profile generating Section to generate a 
delay profile using a known signal included-in" 
ra^recelving-'slgnal .in which one i or- more user 
signals were code-multiplexed; 
RAKEcombihing section to set a first delay time 
- insaid delay profile and to carry out RAKE com- 
bining' within the* rarige'of said first 'delay time; 
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and 

interference cancellation section to set a sec- 
ond delay time which is shorter than said first 
delay time in said delay profile, to carry out in- 
terference cancellation processing on the sig- 5 
nal after being subjected to said RAKE combin- 
ing within the range of said second delay time, 
and to output the receiving sjgnais of all codes. 



5. A radio receiving method comprising: '0 

delay profile generating step which generates 
a defay profile using a known signal included in 
a receiving signal in which' one or more user 
signals were code-multiplexed; « . 

RAKE combining step which sets a first delay 
time in said delay profile and carries out RAKE 
combining within the range of said first delay 
time; and 

interference cancellation step which sets a sec- 20 
ond delay time that is shorter than said first de- 
lay time in said delay profile, carries out inter- 
ference cancellation processing cn the signal 
after being subjected to said RAKE combining 
within the range of said second delay time, and' 25 
outputs the receiving signals of all codes. 



6. The radio receiving method according to claim 5, 
wherein said second delay time is determined by a 
delay spread obtained from said delay profile. 



7. The radio receiving method according to claim 5, 
wherein said seconci delay time is set based on the 
value- of -cross correction of spreading codes se- ■ 
lected voluntarily. 35 
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